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FOREWORD

This document was prepared by the Reliability Engineering Section of the Jet Propulsion Laboratory's
Office of Engineering and Mission Assurance (OEMA) to describe recent results and progress of a
Flight Anomaly Characterization (FAC) research task.  It represents one of a series of analyses of in-
flight hardware anomalies which have occurred on Jet Propulsion Laboratory (JPL), Goddard Space
Flight Center (GSFC), and U.S. Air Force unmanned space programs.  Funded by NASA Code QT
under Research Technology Operation Plan (RTOP) 623-63-03, entitled Flight Anomaly

Characterization, their objective is to search for meaningful characterizations of in-flight anomaly
data relating to trends, patterns, or similarities that can be exploited to improve product assurance
programs.  Such improvements may ultimately lead to reduced numbers of anomalies on future
unmanned flight programs.  

For further information on the content of this report, contact Steve Cornford at (818) 354-1701.
  



ABSTRACT

This NASA Unmanned Flight Anomaly Report correlates in-flight anomalies during the Viking,
Voyager, Magellan, Galileo, TOPEX, and Mars Observer missions with those product assurance
measures which should be considered to prevent a reoccurrence under similar circumstances.  Only
those in-flight anomalies which were documented in Problem/Failure Reports (PFRs) were reviewed.

The objective of this analysis was to identify specific product assurance program recommendations
which should be considered for implementation in current and future flight projects.  Table 1 relates
these recommendations to the corresponding in-flight �hard� failures.  In response to an in-flight
problem with release of an RTG boom, for example, Table 1 recommends: 

�Consider the post-firing condition of pyro squibs in FMECAs.  After firing, look for 

  sneak paths created by conductive debris across the squib terminals.�

I. INTRODUCTION

The data in this report correlates in-flight anomalies during the Viking, Voyager, Magellan, Galileo,

TOPEX, and Mars Observer missions with those product assurance measures which should be

considered to prevent a reoccurrence under similar circumstances.  Only those in-flight anomalies

which were documented in Problem/Failure Reports (PFRs) were reviewed.  The results are directed

toward recommending product assurance process improvements which would lead to a reduced level

of risk for future unmanned space missions.  

Reference (1) provided the procedure that was used in obtaining these correlations, which were

documented in several reports produced by the Flight Anomaly Characterization (FAC) RTOP task.

JPL used a two-step methodology to group and analyze sets of in-flight spacecraft anomalies with

common characteristics, allowing identification of product assurance implications for future flight

projects.  In reference (1), a flow diagram was prepared showing pertinent data from each JPL in-

flight anomaly report.  After the anomalies were arranged by spacecraft and subassembly, those that

appeared related were designated as a group for further analysis.  Analysis of these groups

(�uplink/downlink anomalies,� �mechanical anomalies,� etc.)  was documented in the FAC reports.

This new report captures the results of the individual group analyses in a table format.

II. DATA ANALYSIS & RECOMMENDATIONS

The correlation of product assurance program activities with in-flight incidents is provided in the

following table.  Table 1 focuses on only those in-flight incidents which represented hard failures,

or soft failures which threatened the primary mission.  It provides specific product assurance

program recommendations which should be considered for implementation.  These conclusions are

supported by data derived from the results of the FAC task, which conducted extensive reviews of

anomaly documentation, identified failure trends, and contacted project personnel to verify

conclusions.

Although the anomalies in Table 1 include some rated as representing a �minor� mission impact,

these incidents could have posed major problems in the absence of redundancy or with greater

spacecraft autonomy.
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III.  REFERENCE

(1) Development of a Method for Flight Anomaly Characterization, JPL document 

D-11382, dated January 1994.

IV. BIBLIOGRAPHY

The information in Table 1 was drawn from the following reports produced by the FAC RTOP task:

Oberhettinger, D.: Investigation of Thermal Sensor Failures Aboard Unmanned Spacecraft, Jet
Propulsion Laboratory Document D-11377, April 1994.

Brown, A.: Analysis of Uplink/Downlink Anomalies on Six JPL Spacecraft, Jet Propulsion
Laboratory Document D-11383, September 1994.

Oberhettinger, D.: Investigation of Mechanical Anomalies Affecting Interplanetary Spacecraft, Jet
Propulsion Laboratory Document D-11951, September 1994.

Oberhettinger, D.: Investigation of Environmentally Induced Anomalies Aboard JPL Spacecraft, Jet
Propulsion Laboratory Document D-12546, June 1995.

Gonzales, C.: Correlation of the Magellan Flight PFR History with Ground Test Results (Draft), July
1995.

V. GLOSSARY

The acronyms in the above document and in Table 1 are defined as follows:

AACS Attitude and Articulation Control System

BOL Beginning-Of-Life

CCS Command and Control Subsystem

CST Canopus Star Tracker

DC Direct Current

EOL End-Of-Life

EMI Electromagnetic Interference

ER Electron Reflectometer Instrument

ESD Electrostatic Discharge

FAC Flight Anomaly Characterization

FDS Flight Data Subsystem

FMEA Failure Modes and Effects Analysis 

FMECA Failure Modes, Effects, and Criticality Analysis 

GSFC Goddard Space Flight Center

HET High-Energy Telescope

IRU Inertial Reference Unit

IRIS Infrared Interferometer Spectrometer

IRTM Infrared Thermal Mapper

JPL Jet Propulsion Laboratory
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LECP Low Energy Charged Particle Experiment

MAG Magnetometer

NIMS Near Infrared Mapping Spectrometer

NSI NASA Standard Initiator

OEMA JPL Office of Engineering and Mission Assurance

OSR Optical Solar Reflector

PA Product Assurance

PFR Problem/Failure Report

QA Quality Assurance

RAM Random Access Memory

REM Rocket Engine Module

RIU Remote Interface Unit

RPE Runaway Program Execution Error

RTG Radioisotope Thermal Electric Generator

RTOP Research Technology Operation Plan

S/C Spacecraft

SEU Single Event Upset

TWTA Traveling Wave Tube Amplifier
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 w
a

s
5

2
6

2
1

S
L

D
M

G
N

u
n

d
e
te

rm
in

e
d

.
M

a
in

ta
in

 r
e
d

u
n

d
a

n
c

y
 f

o
r 

c
ri

ti
c

a
l 
s

y
s

te
m

s
.

O
s
c
il
la

to
r 

fa
il
e
d

; 
X

-B
a
n

d
 d

o
w

n
li

n
k

 l
o

s
t 

a
ft

e
r 

1
5

 y
e

a
rs

 d
u

e
 t

o
 p

o
s

s
ib

le
5

8
2

5
7

P
M

V
O

Y
1

ra
n

d
o

m
 p

a
rt

 f
a
il
u

re
. 

 S
w

it
c

h
e
d

 t
o

 a
lt

e
rn

a
te

 t
ra

n
s
m

it
te

r.

L
o

s
t 

s
p

a
c
e
c
ra

ft
 d

a
ta

 w
h

e
n

 "
B

" 
M

e
m

o
ry

 f
a
il

e
d

 d
u

e
 t

o
 C

D
 4

0
4

9
 i

n
v

e
rt

e
r

L
o

s
t 

s
p

a
c
e
c
ra

ft
 d

a
ta

 w
h

e
n

 "
B

" 
M

e
m

o
ry

 f
a
il

e
d

 d
u

e
 t

o
 C

D
 4

0
4

9
 i

n
v

e
rt

e
r

fa
il
u

re
fa

il
u

re
.
 
 
T

h
e
 "

A
" 

m
e
m

o
ry

 w
a

s
 u

s
e

d
 f

o
r 

th
e
 r

e
s

t 
o

f 
th

e
 m

is
s

io
n

. 

S
c
ie

n
c
e
 d

a
ta

 w
a
s
 a

n
o

m
a

lo
u

s
 d

u
e

 t
o

 a
 b

a
d

 C
D

 4
0

6
1

 R
A

M
 c

h
ip

 i
n

M
e
m

o
ry

 "
B

".

7
(9

%
)

4
1

0
1

7
L

R
S

V
O

Y
1

4
1

0
1

2
P

M
V

O
Y

2

IR
T

M
 s

c
a
n

 p
la

tf
o

rm
 m

is
a

li
g

n
e

d
, 

a
ff

e
c

ti
n

g
 t

e
le

s
c

o
p

e
 f

u
n

c
ti

o
n

.
3

5
4

0
7

P
M

V
IK

2
C

o
n

d
u

c
t 

th
o

ro
u

g
h

 m
o

d
e

li
n

g
 o

f 
s

p
a

c
e

c
ra

ft
 i

n
 a

ll
 o

ri
e

n
ta

ti
o

n
s

. 
 
M

o
d

e
l

In
a
d

e
q

u
a
te

 s
tr

u
c
tu

ra
l 
a
n

a
ly

s
is

 r
e

s
u

lt
e

d
 i

n
 V

o
y

a
g

e
r 

I 
a

n
d

 I
I 

 t
h

ru
s

te
r

(4
%

)
p

lu
m

e
 i

m
p

in
g

e
m

e
n

t,
 c

a
u

s
in

g
 p

ro
p

e
ll

a
n

t 
lo

s
s

e
s

.

3
4

1
0

0
3

a
P

M
V

O
Y

1
U

ti
li

ze
 J

P
L

�s
 i
n

te
g

ra
te

d
 m

o
d

e
li
n

g
 e

n
v

ir
o

n
m

e
n

t 
fo

r 
s

u
c

c
e

s
s

iv
e

 d
e

s
ig

n
4

1
0

0
3

b
P

M
V

O
Y

2
it

e
ra

ti
o

n
s

 o
n

 c
o

m
p

le
x

 s
y

s
te

m
s

.

a
n

d
 e

v
a

lu
a

te
 a

ll
 v

a
ri

a
ti

o
n

s
 f

ro
m

 t
h

e
 p

h
y

s
ic

a
l 
c

o
n

fi
g

u
ra

ti
o

n
 b

a
s

e
li
n

e
. 
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3

PROGRAM

R
E

C
O

M
M

E
N

D
A

T
IO

N
S

6

O
S

R
 c

o
n

ta
m

in
a
ti

o
n

 r
e
s
u

lt
e
d

 i
n

 t
w

ic
e

 t
h

e
 a

n
ti

c
ip

a
te

d
 E

O
L

2
5

2
2

2
8

P
M

M
G

N
A

d
d

re
s

s
 c

o
n

ta
m

in
a

ti
o

n
 c

o
n

c
e

rn
s

 e
a

rl
y

 i
n

 t
h

e
 h

a
rd

w
a

re
 b

u
il
d

 c
y

c
le

.
a
b

s
o

rp
ta

n
c
e
.

(3
%

)
5

2
2

4
0

P
M

M
G

N

P
a
rt

 f
a
il
u

re
: 

5
 t

h
e
rm

a
l 

s
e
n

s
o

rs
 (

o
n

 1
 P

F
R

) 
fa

il
e

d
 o

p
e
n

.
5

2
2

4
4

M
in

o
r

M
G

N

P
a
rt

 f
a
il
u

re
: 

8
 M

a
g

e
ll
a
n

 a
n

d
 G

a
li

le
o

 t
h

e
rm

a
l 

s
e

n
s
o

rs
 d

e
m

o
n

s
tr

a
te

d
5

2
6

0
5

M
in

o
r

G
L

L
w

h
ic

h
 p

ro
v

id
e

s
 s

tr
a

in
 r

e
li
e

f 
a

d
e

q
u

a
te

 t
o

 a
c

c
o

m
m

o
d

a
te

 t
h

e
rm

a
l

v
u

ln
e
ra

b
il

it
y

 t
o

 h
ig

h
 t

e
m

p
e

ra
tu

re
 a

n
d

 t
o

 t
e
m

p
e

ra
tu

re
 c

y
c

li
n

g
, 

in
9

5
2

6
0

6
M

in
o

r
G

L
L

c
y

c
li

n
g

. 
 R

e
v

ie
w

 e
s

ta
b

li
s

h
e

d
 e

n
g

in
e

e
ri

n
g

 s
p

e
c

if
ic

a
ti

o
n

s
 a

n
d

a
d

d
it

io
n

 t
o

 p
o

s
s
ib

ly
 o

th
e

r 
e

n
v

ir
o

n
m

e
n

ta
l 

s
tr

e
s

s
e

s
. 

  
P

F
R

 5
8

3
3

3
 m

a
y

(1
2

%
)

5
2

6
1

1
M

in
o

r
G

L
L

p
ro

c
e

d
u

re
s
 o

n
 t

h
e

 u
s

e
 o

f 
b

o
n

d
in

g
 a

n
d

 p
o

tt
in

g
 c

o
m

p
o

u
n

d
s

. 
 P

ro
v

id
e

b
e
 a

 r
a
n

d
o

m
 f

a
il
u

re
. 

 T
h

e
 f

a
il

u
re

 m
o

d
e
 f

o
r 

th
e

 o
th

e
r 

G
a
li

le
o

 s
e

n
s

o
rs

5
2

6
1

3
M

in
o

r
G

L
L

th
e

 p
ro

p
e

r 
e
n

v
ir

o
n

m
e

n
ta

l 
re

q
u

ir
e

m
e

n
ts

 f
o

r 
p

a
rt

 s
e

le
c

ti
o

n
.

a
p

p
e
a
rs

 t
o

 b
e
 d

if
fe

re
n

ti
a

l 
ra

te
s

 o
f 

th
e

rm
a
l 

e
x

p
a
n

s
io

n
 o

f 
th

e
 s

e
n

s
o

r
5

2
6

1
8

M
in

o
r

G
L

L
b

o
d

y
 v

e
rs

u
s
 t

h
e
 s

e
n

s
o

r 
w

ir
e

.
5

8
3

3
3

M
in

o
r

G
L

L

5
2

6
0

4
M

in
o

r
G

L
L

D
e

v
e

lo
p

 a
 f

li
g

h
t 

q
u

a
li
fi

e
d

 m
o

u
n

ti
n

g
 c

o
n

fi
g

u
ra

ti
o

n
 f

o
r 

th
e

rm
a

l 
s

e
n

s
o

rs

5
8

3
3

4
M

in
o

r
G

L
L

P
A

 P
r
o

g
r
a

m
 M

e
a

s
u

r
e

s
: 

 A
n

a
ly

s
is

-R
e

la
te

d
 F

a
il
u

r
e

s
 

H
ig

h
 e

le
c
tr

o
n

ic
s
 b

a
y

 t
e
m

p
e
ra

tu
re

s
 d

u
e

 t
o

 o
u

tg
a

s
s

in
g

 o
f 

a
d

h
e

s
iv

e
 o

n
H

ig
h

 e
le

c
tr

o
n

ic
s
 b

a
y

 t
e
m

p
e

ra
tu

re
s

 d
u

e
 t

o
 o

u
tg

a
s

s
in

g
 o

f 
a

d
h

e
s

iv
e

 o
n

2
5

2
2

2
8

P
M

M
G

N
p

ro
p

e
rt

ie
s

, 
a

n
d

 c
o

n
s

id
e

r 
v

a
c

u
u

m
 b

a
k

e
-o

u
t 

o
f 

a
ll
 o

rg
a

n
ic

 a
d

h
e

s
iv

e
s

. 
 

O
S

R
 t

il
e
s
, 
c
a
u

s
in

g
 d

a
rk

e
n

in
g

 o
f 

th
e

 O
S

R
 s

u
rf

a
c

e
.

O
S

R
 t

il
e
s
, 

c
a
u

s
in

g
 d

a
rk

e
n

in
g

 o
f 

th
e
 O

S
R

 s
u

rf
a

c
e

.
(3

%
)

(3
%

)
5

2
2

4
0

P
M

M
G

N
U

p
d

a
te

 t
h

e
 o

p
ti

c
a

l 
p

ro
p

e
rt

ie
s

 d
a

ta
b

a
s

e
 t

o
 i
n

c
lu

d
e

 t
h

e
 M

a
g

e
ll
a

n

C
o

n
s

id
e

r 
o

u
tg

a
s

s
in

g
 p

ro
d

u
c

ts
 w

h
e

n
 d

e
te

rm
in

in
g

 s
u

rf
a

c
e

 o
p

ti
c

a
l

e
x

p
e

ri
e

n
c

e
, 
a

n
d

 s
u

p
p

ly
 B

O
L

/E
O

L
 t

h
e

rm
a

l 
p

ro
p

e
rt

y
 d

a
ta

 f
o

r 
N

A
S

A
-

w
id

e
 u

s
e

.

A
 v

o
lt

a
g

e
 t

ra
n

s
ie

n
t,

 p
o

s
s

ib
ly

 f
ro

m
 N

S
I 

fi
ri

n
g

, 
c

a
u

s
e

d
 t

h
e
 l

o
s

s
 o

f 
a

n
5

2
2

3
5

M
in

o
r

M
G

N
U

p
g

ra
d

e
 s

ta
n

d
a

rd
 c

ir
c

u
it

 a
n

a
ly

s
is

 m
e

th
o

d
s

, 
w

h
ic

h
 d

o
 n

o
t 

c
o

n
s

id
e

r
A

A
C

S
 m

e
m

o
ry

 b
o

a
rd

.
2

v
u

ln
e

ra
b

il
it

ie
s

 w
h

ic
h

 a
re

 n
o

t 
re

p
re

s
e

n
te

d
 o

n
 s

c
h

e
m

a
ti

c
 d

ia
g

ra
m

s
,

R
e
c
e
iv

e
r 

1
 f

a
il
e
d

 2
0
 m

in
u

te
s

 a
ft

e
r 

p
o

w
e

ri
n

g
 d

u
e

 t
o

 s
h

o
rt

 c
ir

c
u

it
s

 t
o

4
1

0
2

9
L

R
S

V
O

Y
2

s
c

ru
ti

n
y

 o
f 

e
le

c
tr

o
n

ic
s

 p
a

c
k

a
g

in
g

.
th

e
 c

h
a

s
s
is

 f
ro

m
 t

h
e
 3

0
V

 r
e

tu
rn

. 
 

(3
%

)
(3

%
)

s
u

c
h

 a
s

 c
ir

c
u

it
 b

o
a

rd
 p

ro
x

im
it

y
 t

o
 t

h
e

 g
ro

u
n

d
 p

la
n

e
. 
 U

p
g

ra
d

e
 P

A

In
s
o

la
ti

o
n

 o
f 

th
e
 i
n

te
ri

o
r 

o
f 

th
e
 r

o
c
k

e
t 

n
o

zz
le

 c
o

u
ld

 n
o

t 
b

e
 s

im
u

la
te

d
1

5
2

2
2

6
P

M
M

G
N

C
o

n
s

id
e

r 
u

s
e

 o
f 

im
p

ro
v

e
d

 a
u

to
m

a
te

d
 t

o
o

ls
 f

o
r 

in
te

g
ra

ti
n

g
 t

h
e

rm
a

l
w

it
h

 t
h

e
 e

x
is

ti
n

g
 t

e
s
t 

fi
x
tu

re
.

(1
%

)
(1

%
)

a
n

a
ly

s
is

 w
it

h
 t

h
re

e
-d

im
e

n
s

io
n

a
l 
m

o
d

e
li
n

g
 o

f 
s

p
a

c
e

c
ra

ft
 s

tr
u

c
tu

re
s

.

R
a
d

ia
ti

o
n

 d
e
g

ra
d

e
d

 t
h

e
 D

e
lr

in
 i

n
s

u
la

ti
o

n
 o

n
 t

ra
n

s
is

to
r 

le
a

d
s

, 
a

n
d

4
1

0
0

9
P

M
V

O
Y

1
c
u

rr
e
n

t 
le

a
k
a
g

e
 d

is
a
b

le
d

 t
h

e
 C

S
T

 p
o

s
it

io
n

 c
o

m
m

a
n

d
 f

u
n

c
ti

o
n

.
2

In
c

o
rp

o
ra

te
 r

a
d

ia
ti

o
n

-i
n

d
u

c
e

d
 b

e
h

a
v

io
r 

in
to

 w
o

rs
t 

c
a

s
e

, 
fa

il
u

re
 m

o
d

e

D
e
g

ra
d

e
d

 I
R

IS
 i

n
s
tr

u
m

e
n

t 
a

c
c

u
ra

c
y

 d
u

e
 t

o
 r

a
d

ia
ti

o
n

 s
e

n
s
it

iv
it

y
 o

f
4

1
0

2
6

P
M

V
O

Y
2

s
il
ic

o
n

e
 r

u
b

b
e
r 

m
o

to
r 

d
a
m

p
e

r 
a

n
d

 m
o

u
n

ts
.

(3
%

)
(3

%
)

a
n

d
 e

ff
e

c
ts

 a
n

d
 f

a
u

lt
 t

re
e

 a
n

a
ly

s
e

s
.

D
.C

. 
b

u
s
 i
m

b
a
la

n
c
e
 c

h
a
n

g
e

d
 v

a
lu

e
s

 i
n

 n
u

m
e

ro
u

s
 i

n
c
id

e
n

ts
 d

u
e

 t
o

P
e

rf
o

rm
 a

n
 F

M
E

C
A

 o
f 

p
o

te
n

ti
a

l 
p

a
th

-t
o

-p
a

th
 s

h
o

rt
 c

ir
c

u
it

s
 f

o
r 

s
li
p

c
o

n
d

u
c
ti

v
e
 d

e
b

ri
s
 c

a
u

s
in

g
 "

s
h

o
rt

" 
c
ir

c
u

it
s

 a
c

ro
s
s

 a
d

ja
c

e
n

t 
s

li
p

 r
in

g
s

1
5

2
6

0
7

P
M

G
L

L
ri

n
g

s
 a

t 
th

e
 s

p
a

c
e

c
ra

ft
 s

p
u

n
/d

e
s

p
u

n
 i
n

te
rf

a
c

e
. 
 D

e
te

rm
in

e
 m

a
rg

in
b

e
tw

e
e
n

 t
h

e
 s

p
u

n
 a

n
d

 d
e

s
p

u
n

 s
e

c
ti

o
n

s
 o

f 
th

e
 s

p
a
c

e
c

ra
ft

. 
 O

rg
a

n
ic

(1
%

)
(1

%
)

b
e

tw
e

e
n

 e
x

p
e

c
te

d
 c

u
rr

e
n

ts
 a

n
d

 d
a

m
a

g
e

 t
h

re
s

h
o

ld
s

. 
 C

o
n

s
id

e
r 

th
a

t
m

a
te

ri
a
ls

 s
u

c
h

 a
s
 S

o
li

th
a

n
e
 s

e
rv

e
 a

s
 a

 "
g

e
tt

e
r"

 f
o

r 
c

o
n

d
u

c
ti

v
e

 d
e

b
ri

s
.

o
rg

a
n

ic
 m

a
te

ri
a

ls
 c

a
n

 a
c

t 
a

s
 a

 "
g

e
tt

e
r"

 f
o

r 
d

e
b

ri
s

.
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3

PROGRAM

R
E

C
O

M
M

E
N

D
A

T
IO

N
S

7

S
c
a
n

 p
la

tf
o

rm
 a

c
tu

a
to

r 
g

e
a

rs
 s

tu
c

k
 d

u
e

 t
o

 d
is

s
im

il
a
r 

m
e
ta

ls
. 

 D
a

ta
4

1
0

1
5

P
M

V
O

Y
2

lo
s
t.

D
e
p

lo
y

m
e
n

t 
m

e
c
h

a
n

is
m

 f
a
il

e
d

 t
o

 f
u

ll
y

 d
e

p
lo

y
 s

o
la

r 
p

a
n

e
ls

 p
e

r 
d

e
s

ig
n

.
b

e
n

e
fi

c
ia

l 
in

 t
h

e
 d

e
s

ig
n

 a
n

d
 r

e
v

ie
w

 o
f 

c
o

m
p

le
x

 m
e

c
h

a
n

is
m

s
 w

h
ic

h

H
ig

h
 g

a
in

 a
n

te
n

n
a
 d

e
p

lo
y

m
e

n
t 

fa
il

u
re

.
(6

%
)

tr
e

e
s

 b
y

 h
ig

h
li
g

h
ti

n
g

 t
h

e
 u

n
d

e
rl

y
in

g
 "

p
h

y
s

ic
s

 o
f 

fa
il
u

re
" 

is
s

u
e

s
 t

h
a

t

T
e
le

m
e
tr

y
 i
n

d
ic

a
te

d
 M

a
g

 B
o

o
m

 n
o

t 
d

e
p

lo
y

e
d

. 
 T

h
e
rm

a
l 

s
h

ri
n

k
a

g
e

 o
f

a
n

d
 �

o
n

e
-s

h
o

t 
�
 m

e
c

h
a

n
is

m
s

 r
e

q
u

ir
e

 i
n

te
n

s
iv

e
 r

e
v

ie
w

.
th

e
 l
a
n

y
a
rd

 r
o

ta
te

d
 m

ic
ro

s
w

it
c
h

 i
n

 m
o

u
n

t.

U
n

c
o

m
p

e
n

s
a
te

d
 s

ta
to

r-
to

-p
la

tf
o

rm
 m

is
a

li
g

n
m

e
n

t 
c

a
u

s
e

d
 s

/c
 t

u
rn

e
rr

o
rs

.

5
5

8
3

3
1

M
L

D
G

L
L

la
c

k
 b

a
c

k
u

p
. 
 U

s
e

 o
f 

fa
il
u

re
 m

e
c

h
a

n
is

m
s

 a
n

a
ly

s
is

 w
o

u
ld

 i
m

p
ro

v
e

 f
a

u
lt

5
2

2
3

0
M

in
o

r
M

G
N

M
e

c
h

a
n

ic
a

l 
fa

il
u

re
 m

o
d

e
 a

n
a

ly
s

is
 a

n
d

 d
e

s
ig

n
 m

a
rg

in
 a

s
s

e
s

s
m

e
n

t 
a

re

5
8

3
3

2
M

in
o

r
G

L
L

c
a

u
s

e
 t

h
e

 f
a
il
u

re
 m

o
d

e
s

 i
n

 t
h

e
 f

a
u

lt
 t

re
e

 o
r 

F
M

E
A

. 
 D

e
s

ig
n

 o
f 

a
c

tu
a

to
rs

5
2

6
1

2
P

M
G

L
L

F
iv

e
 T

W
T

A
 s

h
u

t-
o

ff
s
, 

w
it

h
 l

a
te

r 
re

c
o

v
e
ry

. 
 (

H
a

d
 o

c
c

u
rr

e
d

 f
o

u
r 

ti
m

e
s

5
2

2
5

2
M

in
o

r
M

G
N

d
u

ri
n

g
 g

ro
u

n
d

 t
e
s
t.

)

R
e
c
e
iv

e
r 

lo
c
a
l 

o
s
c
il

la
to

r 
d

ro
p

p
e
d

 o
u

t.
  

T
h

is
 f

a
il

u
re

 m
o

d
e
 w

a
s

 s
e

e
n

(4
%

)
(4

%
)

5
2

6
1

7
M

in
o

r
G

L
L

g
ro

u
n

d
 t

e
s

t 
fa

il
u

re
s

, 
a

n
d

 a
re

 c
o

n
s

id
e

re
d

 i
n

 l
a

u
n

c
h

 d
e

c
is

io
n

s
.

d
u

ri
n

g
 g

ro
u

n
d

 v
ib

ra
ti

o
n

 t
e
s

ts
.

U
n

a
b

le
 t

o
 e

s
ta

b
li
s
h

 a
n

 u
p

li
n

k
. 

 C
a
u

s
e

d
 b

y
 a

 k
n

o
w

n
 p

ro
b

le
m

 w
it

h
4

1
0

3
3

P
M

V
O

Y
2

s
h

o
rt

in
g

 p
o

ly
c
a
rb

o
n

a
te

 c
a

p
a
c

it
o

rs
. 

3
E

n
s

u
re

 t
h

a
t 

th
e

 u
n

d
e

rl
y

in
g

 "
p

h
y

s
ic

s
 o

f 
fa

il
u

re
" 

a
re

 u
n

d
e

rs
to

o
d

 f
o

r 
a

ll

P
A

 P
r
o

g
r
a

m
 M

e
a

s
u

r
e

s
: 

 P
r
o

c
e

s
s

-R
e

la
te

d
 F

a
il
u

r
e

s
P

A
 P

r
o

g
r
a

m
 M

e
a

s
u

r
e

s
: 

 P
r
o

c
e

s
s

-R
e

la
te

d
 F

a
il
u

r
e

s

R
E

M
 t

h
e
rm

a
l 
m

o
d

e
li

n
g

 w
a

s
 d

e
le

g
a
te

d
 t

o
 a

 v
e

n
d

o
r,

 a
n

d
 a

 v
e

n
d

o
r 

fi
x

1
5

2
2

2
6

P
M

M
G

N
A

v
o

id
 d

e
le

g
a

ti
n

g
 r

e
s

p
o

n
s

ib
il
it

y
 f

o
r 

th
e

rm
a

l 
c

o
n

tr
o

l 
d

e
s

ig
n

; 
it

 s
h

o
u

ld
A

v
o

id
 d

e
le

g
a

ti
n

g
 r

e
s

p
o

n
s

ib
il
it

y
 f

o
r 

th
e

rm
a

l 
c

o
n

tr
o

l 
d

e
s

ig
n

; 
it

 s
h

o
u

ld
w

a
s
 n

o
t 

te
s
te

d
. 

(1
%

)
(1

%
)

b
e

 r
e

ta
in

e
d

 b
y

 t
h

e
 s

p
a

c
e

c
ra

ft
 p

ri
m

e
 c

o
n

tr
a

c
to

r.
 

b
e

 r
e

ta
in

e
d

 b
y

 t
h

e
 s

p
a

c
e

c
ra

ft
 p

ri
m

e
 c

o
n

tr
a

c
to

r.
 

N
IM

S
 c

o
v

e
r 

w
o

u
ld

 n
o

t 
je

tt
is

o
n

 d
u

e
 t

o
 t

h
e

rm
a
l 

e
x

p
a
n

s
io

n
 c

a
u

s
e

d
 b

y
1

5
2

6
0

3
M

L
D

G
L

L
�F

ly
 i

t 
li

k
e

 y
o

u
 t

e
s

t 
it

:�
  
J

P
L

 n
o

w
 r

e
q

u
ir

e
s

 a
 d

e
p

lo
y

m
e

n
t 

re
v

ie
w

 p
ri

o
r 

to
e
n

e
rg

iz
in

g
 o

f 
th

e
 s

h
ie

ld
 h

e
a

te
r-

- 
a

 f
li

g
h

t 
ru

le
 v

io
la

ti
o

n
.

(1
%

)
(1

%
)

e
v

e
ry

 c
o

m
m

a
n

d
e

d
 d

e
p

lo
y

m
e

n
t.

G
y

ro
 b

e
a
ri

n
g

 c
o

n
ta

m
in

a
ti

o
n

 o
r 

la
c

k
 o

f 
lu

b
ri

c
a

ti
o

n
.

1
5

2
2

2
3

P
M

M
G

N
U

p
d

a
te

 p
ro

g
ra

m
 f

o
r 

c
o

n
ta

m
in

a
ti

o
n

 c
o

n
tr

o
l 
in

 f
a

b
ri

c
a

ti
o

n
 a

n
d

 h
a

n
d

li
n

g
(1

%
)

(1
%

)
to

 r
e

fl
e

c
t 

b
e

a
ri

n
g

 f
a

il
u

re
 m

o
d

e
s

.

A
 p

ro
p

e
ll
a
n

t 
h

e
a
te

r 
li

n
e
 s

h
o

rt
 r

e
s

u
lt

e
d

 i
n

 a
 s

o
ft

 g
ro

u
n

d
 v

io
la

ti
o

n
 a

n
d

5
2

2
4

5
M

in
o

r
M

G
N

a
n

o
m

a
lo

u
s
 r

a
d

a
r 

p
re

-r
e
g

u
la

to
r 

c
u

rr
e
n

t.
  

A
 c

a
b

le
 c

la
m

p
 h

a
d

 c
a

u
s

e
d

 a
s
im

il
a
r 

s
h

o
rt

 p
ri

o
r 

to
 l

a
u

n
c
h

.
2

R
e

v
ie

w
 f

a
b

ri
c

a
ti

o
n

 p
ro

c
e

s
s

e
s

 f
o

r 
c

a
b

le
s

 a
n

d
 i
m

p
ro

v
e

 Q
A

 i
n

s
p

e
c

ti
o

n
. 

D
e
g

ra
d

e
d

 p
e
rf

o
rm

a
n

c
e
 o

f 
th

e
 E

le
c

tr
o

n
 R

e
fl

e
c

to
r 

in
s
tr

u
m

e
n

t 
d

u
e

 t
o

 E
R

5
9

0
1

4
M

in
o

r
M

O
c
a
s
e
 s

h
o

rt
in

g
 t

o
 t

h
e
 S

/C
 c

h
a
s

s
is

 g
ro

u
n

d
 t

h
ru

 c
a

b
le

 o
r 

c
o

n
n

e
c

to
r.

(3
%

)
(3

%
)

C
o

n
d

u
c

t 
c

a
b

le
 d

e
s

ig
n

 r
e

v
ie

w
s

.



D
E

S
C

R
IP

T
IO

N
 O

F
 H

A
R

D
 F

A
IL

U
R

E
1

TOTAL FAILURES

SUPPORTING

RECOMM�NS  #/%
2

PFR

NUMBER

MISSION

IMPACT 
3

PROGRAM

R
E

C
O

M
M

E
N

D
A

T
IO

N
S

8

D
e
g

ra
d

a
ti

o
n

 o
f 

th
e
 X

-B
a
n

d
 t

ra
n

s
m

it
te

r 
d

u
e

 t
o

 a
 f

a
il

e
d

 c
h

ip
 c

a
p

a
c

it
o

r
1

5
2

2
4

3
P

M
M

G
N

Im
p

le
m

e
n

t 
Q

A
 i
n

s
p

e
c

ti
o

n
 m

e
a

s
u

re
s

 w
h

ic
h

 w
il
l 
re

li
a

b
ly

 d
e

te
c

t 
d

a
m

a
g

e
in

 t
h

e
 t

ra
n

s
p

o
n

d
e
r,

 l
ik

e
ly

 d
a
m

a
g

e
d

 d
u

ri
n

g
 a

s
s

e
m

b
ly

.
(1

%
)

(1
%

)
d

u
ri

n
g

 a
s

s
e
m

b
ly

.

P
A

 P
r
o

g
r
a

m
 M

e
a

s
u

r
e

s
: 

 T
e

s
t-

R
e

la
te

d
 F

a
il
u

r
e

s
P

A
 P

r
o

g
r
a

m
 M

e
a

s
u

r
e

s
: 

 T
e

s
t-

R
e

la
te

d
 F

a
il
u

r
e

s

H
ig

h
 e

le
c
tr

o
n

ic
s
 b

a
y

 t
e
m

p
e
ra

tu
re

s
 d

u
e

 t
o

 o
u

tg
a

s
s

in
g

 o
f 

a
d

h
e

s
iv

e
 o

n
H

ig
h

 e
le

c
tr

o
n

ic
s
 b

a
y

 t
e
m

p
e
ra

tu
re

s
 d

u
e

 t
o

 o
u

tg
a

s
s

in
g

 o
f 

a
d

h
e

s
iv

e
 o

n
22

5
2

2
2

8
5

2
2

2
8

P
M

P
M

M
G

N
M

G
N

d
e

m
o

n
s

tr
a

te
 s

p
a

c
e

c
ra

ft
 o

p
e

ra
ti

o
n

 a
t 

te
m

p
e

ra
tu

re
s

 g
re

a
te

r 
th

a
n

 w
o

rs
t

d
e

m
o

n
s

tr
a

te
 s

p
a

c
e

c
ra

ft
 o

p
e

ra
ti

o
n

 a
t 

te
m

p
e

ra
tu

re
s

 g
re

a
te

r 
th

a
n

 w
o

rs
t

O
S

R
 t

il
e
s
, 
c
a
u

s
in

g
 d

a
rk

e
n

in
g

 o
f 

th
e

 O
S

R
 s

u
rf

a
c

e
.

O
S

R
 t

il
e
s
, 

c
a
u

s
in

g
 d

a
rk

e
n

in
g

 o
f 

th
e
 O

S
R

 s
u

rf
a

c
e

.
(3

%
)

(3
%

)
5

2
2

4
0

5
2

2
4

0
P

M
P

M
M

G
N

M
G

N
c

a
s

e
 d

e
s

ig
n

 p
re

d
ic

ti
o

n
s

. 
 C

o
n

s
id

e
r 

re
q

u
ir

in
g

 v
a

c
u

u
m

 b
a

k
e

o
u

t 
o

f 
a

ll
c

a
s

e
 d

e
s

ig
n

 p
re

d
ic

ti
o

n
s

. 
 C

o
n

s
id

e
r 

re
q

u
ir

in
g

 v
a

c
u

u
m

 b
a

k
e

o
u

t 
o

f 
a

ll

In
c

lu
d

e
 a

 �
h

o
t 

m
a

rg
in

�
 p

h
a

s
e

 i
n

 s
y

s
te

m
 t

h
e

rm
a

l-
v

a
c

u
u

m
 t

e
s

t 
to

In
c

lu
d

e
 a

 �
h

o
t 

m
a

rg
in

�
 p

h
a

s
e

 i
n

 s
y

s
te

m
 t

h
e

rm
a

l-
v

a
c

u
u

m
 t

e
s

t 
to

o
rg

a
n

ic
 a

d
h

e
s

iv
e

s
, 
e

s
p

e
c

ia
ll
y

 s
tr

u
c

tu
ra

l.
o

rg
a

n
ic

 a
d

h
e

s
iv

e
s

, 
e

s
p

e
c

ia
ll
y

 s
tr

u
c

tu
ra

l.

R
E

M
 t

h
e
rm

a
l 
m

o
d

e
li

n
g

 w
a
s

 d
e
le

g
a
te

d
 t

o
 a

 v
e

n
d

o
r,

 a
n

d
 a

 f
ix

 w
a

s
 n

o
t

R
E

M
 t

h
e
rm

a
l 

m
o

d
e
li

n
g

 w
a

s
 d

e
le

g
a
te

d
 t

o
 a

 v
e

n
d

o
r,

 a
n

d
 a

 f
ix

 w
a

s
 n

o
t

P
e

rf
o

rm
 s

o
la

r 
th

e
rm

a
l-

v
a

c
u

u
m

 t
e

s
t 

a
t 

th
e

 s
u

b
s

y
s

te
m

 l
e

v
e

l;
 o

r 
if

te
s
te

d
. 

 R
E

M
 n

o
zz

le
 e

n
tr

a
p

m
e

n
t 

c
o

u
ld

 n
o

t 
b

e
 s

im
u

la
te

d
, 

a
n

d
 a

 l
o

w
te

s
te

d
. 

 R
E

M
 n

o
zz

le
 e

n
tr

a
p

m
e

n
t 

c
o

u
ld

 n
o

t 
b

e
 s

im
u

la
te

d
, 

a
n

d
 a

 l
o

w
11

5
2

2
2

6
5

2
2

2
6

P
M

P
M

M
G

N
M

G
N

s
u

b
s

y
s

te
m

 t
e

s
ti

n
g

 i
s

 n
o

t 
p

e
rf

o
rm

e
d

, 
s

y
s

te
m

 s
o

la
r 

th
e

rm
a

l-
v

a
c

u
u

m
e
m

it
ta

n
c
e
 n

o
zz

le
 c

o
a
ti

n
g

 i
m

p
e
d

e
d

 h
e

a
t 

tr
a

n
s
fe

r.
e
m

it
ta

n
c
e
 n

o
zz

le
 c

o
a
ti

n
g

 i
m

p
e

d
e
d

 h
e

a
t 

tr
a

n
s
fe

r.
(1

%
)

(1
%

)
te

s
t 

s
h

o
u

ld
 s

im
u

la
te

 s
e

v
e

ra
l 
a

tt
it

u
d

e
s

 f
o

r 
th

e
 s

u
b

s
y

s
te

m
. 
 V

e
ri

fy
th

e
rm

a
l 

c
o

n
tr

o
l 
d

e
s

ig
n

 c
h

a
n

g
e

s
 b

y
 t

e
s

t.
 

L
o

w
 o

u
tp

u
t 

o
f 

th
e
 h

ig
h

 g
a

in
 a

n
te

n
n

a
 d

u
e

 t
o

 M
.C

. 
3

0
0

5
 t

ra
n

s
is

to
r

22
4

1
0

3
1

4
1

0
3

1
P

M
P

M
V

O
Y

2
V

O
Y

2
P

ro
v

id
e

 a
d

e
q

u
a

te
 b

u
rn

-i
n

 f
o

r 
p

o
w

e
r 

tr
a

n
s

is
to

rs
. 
 C

o
n

s
id

e
r 

u
s

e
 o

f 
a

fa
il
u

re
 i
n

 t
h

e
 s

o
li
d

 s
ta

te
 a

m
p

li
fi

e
r,

 a
g

g
ra

v
a

te
d

 b
y

 a
 p

o
o

r 
s
o

ld
e

r
(3

%
)

(3
%

)
4

1
0

3
2

4
1

0
3

2
P

M
P

M
V

O
Y

1
V

O
Y

1
th

e
rm

a
l 

s
c

a
n

 t
e

s
t 

fo
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